Introduction
The Henry or nitroaldol reaction is one of the most powerful carbon-carbon bond forming reactions in organic chemistry, 1 and the CH-NO 2 moiety in nitro alcohol adducts can be subjected to subsequent reactions to afford other functionalities, for instance, ketone, aldehyde, carboxylic acid, and amino compounds, 2 which are highly valuable building blocks in asymmetric organic synthesis. Hence, the stereoselective Henry reaction has already been applied in the synthesis of various compounds.
Since the first asymmetric Henry reaction was reported by Shibasaki in 1992, 3 various versions of metalcatalyzed asymmetric Henry reactions have been reported. Because of its cheap price, low toxicity, and excellent chelating properties with ligands, copper has been widely used in organic synthesis. Copper can coordinate with many ligands, 4 such as bisoxazolines, 5 trisoxazolines, 5f boron-bridged bisoxazoline, 6 thiaoline, plates. Column chromatography was carried out using 100-200 mesh silica gel. Liquid aldehydes were freshly distilled before use. Melting points were obtained with an X-4 micromelting point apparatus and are uncorrected. Optical rotations were determined in a solution of CH 2 Cl 2 at 20
• C by using an Autopol IV polarimeter. IR spectra were recorded by a Veptor-22 FT-IR spectrometer. 1 H NMR and 13 C NMR spectra were obtained in CDCl 3 on a Bruker AVANCE III 500 MHz and 125 MHz spectrometers, respectively, using TMS as the internal reference. J values were given in hertz. Mass spectra were carried out on a VARIAN1200 and measured by the EI method.
Chiral HPLC analyses were performed by using a SHIMADZU LC-20AT instrument equipped with a SHIMADZU SPD-20A detector with chiral stationary phase column (Daicel Co. Chiralcel AD-H and OJ-H). Retention times are given in minutes.
Preparation of ligands' backbone (S )-Phenylalanine methyl ester hydrochloride (1).
SOCl 2 (11 mL, 155 mmol) was added dropwise to methanol (100 mL) in a 250-mL round-bottomed flask at -10
• C. After stirring for 15 min, L-phenylalanine (16.5 g, 100 mmol) was added. After being warmed up to ambient temperature and stirred for 3 h, the reaction mixture was refluxed for 2 h. 
(S )-2-Phenylglycinol (3).
A 250-mL 3-neck round-bottomed flask was fitted with a magnetic stir bar, a reflux condenser, and an addition funnel. The flask was charged with 3.31 g (91 mmol) of sodium borohydride and 100 mL of THF (predried over sodium). L-phenylglycine (5.74 g, 38 mmol) was added in one portion. The remaining neck was sealed with a septum and an argon line attached, and the flask was cooled to 0 • C in an ice bath. A solution of 9.65 g (38 mmol) of iodine dissolved in 25 mL of THF was poured into the addition funnel and added dropwise over 30 min, resulting in vigorous evolution of hydrogen. After addition, the reaction was complete and gas evolution had ceased, and the flask was heated to reflux for 18 h and then cooled to ambient temperature, and methanol was added cautiously until the mixture became clear. After stirring for 30 min, the solvent was removed by rotary evaporation, leaving a white paste, which was dissolved by adding 150 mL of 20% aqueous NaOH. The solution was stirred for 4 h and extracted with CH 2 Cl 2 (50 mL × 3). The organic phase was dried with anhydrous Na 2 SO 4 and concentrated in a vacuum. Then the white crude product was recrystallized in toluene to afford 3 as a colorless crystal. Yield: 65.3%; mp 72-73
General procedure of the preparation for ligands 4a-4e
To a solution of an aldehyde (3.0 mmol) and 2 (0.91 g, 3.0 mmol) in 10 mL of CH 2 Cl 2 was added anhydrous 
General procedure of the preparation for ligands 5a-5e
To a solution of aldehyde 3.0 mmol and 3 (0.411 g, 3.0 mmol) in 10 mL of CH 2 Cl 2 was added anhydrous MgSO 4 (1.0 g), and the mixture was stirred at ambient temperature until the reaction completed (monitored by TLC). After the solid material was removed by filtration the solvent was distilled under reduced pressure.
Then the Schiff base was obtained and dissolved in MeOH (10 mL) and THF (10 mL). After cooling to 0 • C, NaBH 4 (0.23 g, 6.0 mmol) was added in portions; then the mixture was stirred at room temperature until the reaction was over (monitored by TLC). After the removal of the solvent, aqueous hydrochloric acid (1 N) was added until pH 8-9. Then the resulting mixture was extracted with CH 2 Cl 2 (20 mL × 3), and the organic phase was washed with brine, dried with anhydrous Na 2 SO 4 , and evaporated to give the crude product. Then the residue was purified on silica gel column chromatography. Amino alcohols 5a 27 , 5c 28 , 5d 29 , and 5e 30 are known compounds. 
(S )-2-(3,4-Dimethoxybenzylamino)-2-phenylethanol (5a). 79% yield; [ α ]

General procedure of the asymmetric Henry reaction
The chiral ligand (0.03 mmol) and CuCl (0.03 mmol) were put in a 10-mL round-bottomed flask. Ethanol (1.5 mL) was added and the mixture was stirred for 1 h at ambient temperature (18 • C). Usually a color change from colorless to greenish was observed during this time. Subsequently, the desired aldehyde (0.3 mmol) was added, followed by slow addition of 0.16 mL (3 mmol) of nitromethane via syringe. The reaction was monitored by TLC until completed. The volatile components were removed in vacuo and the crude product was purified by preparative TLC with petroleum ether/ethyl acetate to afford the desired β -nitroalcohol. Enantiomeric excess was determined by using HPLC with Chiracel OJ-H or Chiralpak AD-H chiral columns. 
2-
General procedure for preparation of the racemic Henry reaction products
The aldehyde (0.3 mmol) was added to a 10-mL round-bottomed flask. Then ethanol (1. acetate, which gave the racemic β -nitroalcohol. Retention time was determined by using HPLC with Chiracel OJ-H or Chiralpak AD-H chiral columns.
Results and discussion
The L-phenylalaninol ligands 4a-e were synthesized from L-phenylalanine as a starting material through 4 simple steps and the L-2-phenylglycinol ligands 5a-e were synthesized from L-phenylglycine through 3 steps (Scheme).
With these series of amino alcohols in hand, we began to evaluate these ligands for the enantioselective Henry reaction. During our initial experiments, ligands 4a-e were used in the additive reaction of nitromethane top -nitrobenzaldehyde at ambient temperature in methanol (Table 1 ). This type of ligand showed poor catalytic activity and enantio-selectivity in this reaction ( Table 1 , entries 1-5). It is possible that the phenyl rings on the α -carbon atom of the hydroxyl group gave significant steric hindrance, and so the substrate was too hard to combine with the copper complex. Then we changed the backbone of the ligand. The L-2-phenylglycinol type ligand 5b showed the best enantioselectivity (Table 1, entry 7). Although the enantiomeric excess was enhanced to 44%, the yield was still moderate. When triethylamine was added, the reaction was complete in 12 h with good yields, but the products were almost racemic ( Table 1 , entries 11 and 12). Ligand t (h) Yield (%) [b] Ee (%) [c] From Table 2 , several kinds of copper salt as Lewis acid were selected and evaluated for the enantioselective Henry reaction at ambient temperature. CuCl was found to be the best copper salt for this reaction, with high enantiomeric excess and moderate yield (Table 2 , entries 3 and 4). CuBr showed the best enantiomeric excess, but with low yield (Table 2, entry 8). A similar moderate yield was obtained by using CuI as Lewis acid, but the products were almost racemic (Table 2, entries 9 and 10). As shown in Table 3 , it is clear that protic alcoholic solvents were superior to aprotic solvents (entries 1 and 2). The enantioselectivity was enhanced to 89% when using ethanol as the solvent (entry 2), and the reaction rate became fast (entry 2). Coordinative solvents like alcohols might coordinate with copper ion, which would enhance the enantioselectivity 9 (entries 3, 4, and 6). Ee (%) [c] Reaction temperature was the last optimized factor of the enantioselective Henry reaction (Table 4) . At -20
• C, no corresponding product was checked by TLC (Table 4 , entry 1). Then we conducted the reaction under warm temperature, and both the yields and enantioselectivity were improved (Table 4 , entries 2-4). When the temperature was increased to 35 • C, the reaction was faster than that at 18 • C, but the ee value of the product dropped (Table 4 , entry 4). T (
• C) t (h) Yield (%) [b] Ee (%) [c] Under optimal condition, several arylaldehydes were found to be suitable substrates (Table 5) . A variety of aromatic, heteroaromatic aldehydes provided nitroalcohol products with good yields (up to 95%) and good enantiomeric excesses in the range of 36% to 89%. It might be noted that the electronic character of the substituent as well as its steric hindrance had rather slight influence on the enantioselectivities. The enantioselectivities of the chiral products with para-substituents had a significant increase compared with orthoand meta-substituents (Table 5 , entries 2-7), and these results correlated with the increased electrophilicity of the substrates. Heteroaromatic aldehydes also gave nitroaldol products with good ee values (Table 5, entries 10 and 11). Aldehydes t (h) Yield (%) [b] Ee (%) [c] Based on the previous results and relevant mechanism suggested by Evans, 5e the proposed catalytic cycle is shown in the Figure. The complex I was formed by the reaction from ligand 5c and CuCl. Due to the strong coordination ability of the nitro group to the center metal, nitromethane was activated through a possible complex II. Then the aldehyde bonded to the copper ion to form the transition state III, and the nitromethane was deprotonated to generate the active nucleophile simultaneously. Eventually, the product was obtained through the attack of nucleophile. 
Conclusion
The results of the experiment showed that the Cu(I)-based complex was prepared from (S)-2-(furan-2-ylmethylamino)-2-phenylethanol (5c) with CuCl used as catalyst in the enantioselective Henry reaction of arylaldehydes and nitromethane with up to 89% ee values and 95% yield at ambient temperature. Under optimal conditions, several arylaldehydes were found to be suitable substrates. The proposed catalytic cycle of the asymmetric Henry reaction was suggested. Further studies about amino alcohols on asymmetric synthesis are currently being undertaken by our group.
